showed that all lines in apatite appeared on the x-ray pattern of enamel. Hendricks, Hill, Jacob, and Jefferson," Bale, Hodge, and Warren,5 and Hodge and McKay12 also gave the apatite configuration to human enamel.
Apatites are found in nature and have a general formula of Ca,(PO4) ,X, where X can be replaced by C1, F, or OH. Magnesium, sodium, or potassium may replace calcium in the crystal lattice. The formula for carbonate apatite is based on the assumption that the CO, ion has replaced 2 X's from 2 molecules of apatite. However, some crystallographers, such as Trtmel and Moller," consider the existence of carbonate apatite impossible, and as a result this formula has lacked support. A few of the investigators, such as Klement and Trbmel,'0 Bredig, 14 Thewlis," and Bale'6 considered the main substance of the dental enamel to be hydroxyl apatite. Today, hydroxyl apatite is the accepted configuration given to the inorganic content of human teeth, and more work'7 using the powder x-ray method also shows this to be the best possible structure.
METHOD
Separation of Dentin From Enamel.-Human teeth after being cleaned and washed with soap and water were dried in an oven for two to three hours at 1800 to 185°F. This removed all the water from the surface and made the teeth easy to pulverize. Dry teeth were placed in a mortar, crushed, and screened through 100-mesh screen. Oversize particles were returned to the mortar, recrushed, and rescreened until all the particles passed through 100-mesh screen.
The difference in the density of enamel and dentin makes the separation of these 2 substances rather simple.18' '9 A mixture of 92 ml. of bromoform and 8 ml. of acetone (density 2.70) was used. About 1 Gm. of the pulverized teeth was placed in a centrifuge tube and about 7 ml. of the bromoform mixture was added to the powdered teeth sample. The tube was placed in the centrifuge and the rate of the spinning of the centrifuge was slowly increased to the maximum for the machine. After about seven to eight minutes the centrifuge was stopped and the tube was removed. Dentin having a density of 2.14 floats, while enamel with the density 2.89 to 3.00 settles to the bottom of the tube. Dentin and enamel collected this way were not pure and had to be purified. For purifying the enamel, pure bromoform (density 2.85) was used. Again the enamel collected on the bottom. The pure liquid bromoform, having a higher density than the bromoform-acetone mixture, allows the small amount of dentin to float easily. In this way the enamel was purified. For purification of dentin, bromoform and acetone with the density of 2.42 were used (79 ml. bromoform, 21 ml. acetone). Dentin and cementum, having lower density than the liquid, floated on the surface, while enamel was collected on the bottom. Finally, a bromoform and acetone mixture with a density of 2.07 (62 ml. bromoform, 38 ml. acetone) was used for separation of dentin from cementum. Dentin collected on the bottom, while cementum (density 2.03) floated on the surface. Ca`+ + Na4Ve -> Na2(CaVe) + 2Na+ In titration of calcium with Versene, the Versene indicator was used. The indicator is blue in color but forms a red color with the magnesium ion and stays blue in the presence of calcium ion. The calcium ion reacts with Versene completely before the magnesium ion is being attacked. With this method, therefore, calcium and magnesium ions will be titrated as a total. Having the magnesium ion in the solution, the indicator will have a red color which will be converted to a bluish purple at the end point. In order to separate the amount of magnesium from that of calcium, calcium was precipitated, filtered, redissolved, and titrated separately. The amount of magnesium was found by the difference. When calcium is titrated separately, in order to have a sharp end point, a known concentration of the magnesium ion was added.
For the best results in these titrations, the pH of the solution should be about 10.21 With the presence of the phosphorus ion, however, at pH of 10, calcium will form calcium phosphate in which case the end point may not be sharp. Therefore, an ion exchange technique was applied to separate the phosphorus ion from that of calcium.
Principle of Se'paration.-After dissolving the sample in hydrochloric acid, the solution was passed through a column containing a cation exchange resin. 22 Determination of Carbonate Ion in Teeth.-Enamel and dentin samples, after being weighed, were placed on a special gas-tight apparatus. The success of determination of carbonate ion largely depends upon construction of a compact gas-tight train. The apparatus used for this purpose was formed of a wide mouth decomposition flask which was supported on a wire gauze on a ring stand. The flask was closed with a 2-hole rubber stopper containing a calcium chloride tube filled with "ascarite" (sodium hydroxide asbestos absorbent). By means of a 6 mm. diameter piece of glass tubing, the condenser was connected to a U-form tube. Two of these. U-form tubes were employed and were supported with a copper wire from an iron rod which was held by two ring stands. The first U-tube served to absorb water vapor that escapes from the condenser as well as to remove any hydrochloric acid or hydrogen sulfide from the gas. The first third of the first U-tube was filled with anhydrous copper sulfate which served to remove any hydrogen sulfide, and the last two thirds with dehydrate Mg (CO,)2, which is an effective absorbent of water.
The second U-tube was filled with the drying agent, dehydrate. From the second U-tube a suitable shaped glass tube led to the special absorption bulb which was filled with fresh ascarite on top of which was placed a layer of drying agent, about 1 cm. thick. From the absorption bulb a tube led to another bulb containing concentrated sulfuric acid. This bulb served both to indicate the rapidity of the gas flow through the train and to prevent any water vapor from entering the train from the suction end. The last bulb in *Frorn Bersworth Chemical Company. the train was an empty one which acted as a trap to catch any water that might be drawn back from the suction. This bulb was connected to the suction by heavy walled rubber tubing.
Before running the actual determination, the train was tested for any possible leakage. A known amount of calcium carbonate was placed in the decomposition flask, and through a separatory funnel hydrochloric acid was added very slowly. The hydrochloric acid decomposed the calcium carbonate, and suction pulled the formed gases through different tubes and bulbs as described. Eventually, carbon dioxide was absorbed in the absorption bulb and the amount of it was found by weighing the bulb before and after each experiment. In the absorption bulb the following chemical reaction takes place:
The water vapor formed from this reaction will be absorbed by the drying agent which was placed on the top of the ascarite in the same bulb. Therefore, the change of weight of this bulb is due to 2 factors: (1) Conversion of 2NaOH to NaCO3, and (2) Other Elements Present in the Teeth.-Human teeth contain besides calcium, phosphorus, magnesium, and carbonate ions, which are the major ingredients, other elements in a very low concentration. With usual chemical analysis, these elements cannot be detected. Therefore, spectroscopic analysis was applied in order to identify these minor elements. It was found that domestic dentin and enamel have the same elements as Greek dentin and enamel, but with different concentrations. At the moment, the quantitative spectroscopic analysis for these elements has not been completed. By this method the qualitative presence of the following elements with a low concentration were identified: Pb, Zn, Si, Ag, Cu, Fe, Al, Sn, Na, Cl, F. October, 1956 method.'9 Phosphorus was determined by precipitating it as ammonium molybdiphosphate which is usually called the yellow precipitation method. Calcium and magnesium were determined by titrating with Versene20' 21 at a pH of about 10 from phosphorus free solution. In this solution phosphorus was removed by means of ion exchange column.22-24 The carbonate ion is reported as CO2. By adding hydrochloric acid, CO2 was released and absorbed by sodium hydroxide. A special apparatus was used for this determination. For the qualitative determination of other elements present in teeth at very low concentrations, spectroscopic analysis was used.
